Materials and Methods
A total of 70 lung cancer patients underwent pneumonectomy between January 1998 and March 2011. Patients were excluded from our study if a hand-sutured technique had been used to close their bronchial stump or if their bronchial stump was covered with a viable tissue other than the pericardial fat pad. The hand-sutured technique was used in two patients. In another 5 patients, the bronchial stump was covered with pleura. Sixty-three patients (56 male, 7 female; mean age, 59.5 years) were entered into the analysis. The records of these patients were reviewed for age, sex, preoperative comorbidities, neoadjuvant therapy, coverage technique, pathological stage, and postoperative clinical course including BPF. BPF was defi ned as any communication between the bronchial air space and the pleural cavity confi rmed by chest X-ray and bronchoscopy. To investigate the efficacy of TachoComb to prevent BPF, we divided the patients into two groups. The fi rst was the pericardial fat pad coverage (PFPC) group of 43 patients in whom the bronchial stump was covered using the pericardial fat pad. The second was TachoComb (TC) group of 20 patients in whom coverage was achieved using TachoComb. From February 2003, coverage of bronchial stumps at our institution has been perfomed exclusively with TachoComb.
Bronchial stump closure was performed using commercial mechanical staplers. The TA-30 or TA-55 (Auto Suture Co., United States Surgical Corp, Norwalk, Connecticut, USA) was used for bronchial stapling in all 63 patients. Tumor negativity of resected margins was ensured by histologic examination of frozen sections. Underwater air leakage control with an increasing pressure up to 30 cm H 2 O was carried out after closure of the main bronchus. Dissection of hilar and ipsilateral mediastinal lymph nodes was carefully undertaken to protect the bronchial arteries. In the PFPC group, the bronchial stump was covered using the mass of the pericardial fat pad. 11) In the TC group, we applied a TachoComb patch formed to fi t the bronchial stump. Pressure was then applied for 5 minutes using dry gauze.
The χ 2 and Fisher's exact test were applied to assess differences in categorical variables between the two groups. The unpaired Student's t test and Mann-Whitney test were used for discrete and continuous variables. Statistical signifi cance was defi ned as P values of less than 0.05. All statistical analyses were performed with SPSS PC, version 17 (SPSS Inc., Chicago, Illinois, USA).
Results
Baseline patient characteristics of the PFPC and TC groups are summarized in Table 1 . Mean patient age was similar in both groups (59.3 vs. 60.0 years). There was a male predominance in both groups (90.7%, 80%). Fifty-nine patients (93.7%) were ever-smokers and 4 patients (6.3%) were never-smokers. Comorbidities such as chronic obstructive pulmonary disease (p = 0.752), coronary artery disease (p = 0.538), diabetes mellitus (p = 0.649), and preoperative pneumonia (p = 0.713) were not signifi cantly different between groups. Neoadjuvant chemotherapy was performed in 4 patients in the PFPC group and 8 patients in the TC group (9.3% vs. 40%, p = 0.012). However, analysis of neoadjuvant radiotherapy and adjuvant therapy did not reveal any signifi cant differences between the groups ( Table 1) . Right and left pneumonectomies were performed in 43 patients in the PFPC group (10 right-sided, 33 left-sided) and in 20 patients in TC group (6 right-sided, 14 left-sided) (p = 0.757). Histologic types were distributed as follows: squamous cell carcinoma was the most common (56 cases, 88.9%), followed by 6 adenocarcinomas (9.5%) and one case of large cell carcinoma ( Table 2) . Hospital stay (19.7 vs. 13 days, p = 0.922) and follow-up duration (64.8 vs. 42.7 months, p = 0.301) were not signifi cantly different between the two groups.
There were 3 cases of BPF among the 63 patients (4.8%). All 3 of the patients were among the 43 patients whose stumps were covered by pericardial fat pad. Of the 3 BPF following pneumonectomy, 2 occurred on the right side and one on the left. Of the patients in whom BPF developed, 2 had neoadjuvant chemotherapy. BPFs occurred on postoperative day 28, 30, and 55, respectively. In each case, the diagnosis was suggested clinically and confi rmed by radiography and bronchoscopy. One patient was returned to the operating room for reclosure on the same day that BPF was diagnosed ( Table 3) . The stump was debrided back to healthy tissue and reclosed with 4-0 Vicryl sutures. The stump was again covered with intercostal muscle. Among the non-BPF patients, late empyema developed in 2 individuals in the PFPC group at 12 and 24 months respectively after the procedure. Afterward, no evidence of BPF was detected and patients were treated with chest tube drainage.
Because of the lack of BPF cases, we could not perform multivariate logistic regression analysis and identify the risk factors for PBF and differences between two groups.
Discussion
The incidence of postpneumonectomy BPF is reported to be in the range of 3% to 12%. [1] [2] [3] [4] [5] [6] [7] [8] Although the incidence of BPF has been decreasing, BPF remains one of the most serious complications which can result in death following pneumonectomy. Thus, thoracic surgeons have long been interested in refi ning the technique of bronchial stump closure to reduce the incidence of BPF. There have been many investigations into associated surgical techniques, including method of bronchial stump closure (hand-sewing vs. stapler), bronchial stump coverage (coverage vs. no coverage), and the use of various tissues for coverage of the bronchial stump.
First, some authors have reported that bronchial stapling is superior to conventional hand suturing. 3, 7) Besides the low incidence of BPF, stapling is superior to hand suturing because of its speed, simplicity, decreased surgical trauma, and ability to produce a hermetic approximation of the tissues. 15) Despite this, some authors continue to argue that manual closure is at least as good as, if not better than, stapled closure. 4, 8) We prefer the stapling technique for bronchial closure, because it accomplishes a rapid and uniform closure of the bronchus. Use of staples is contraindicated when the bronchus is thickened, infl amed, or of insuffi cient length. 7) In this study, we excluded 2 patients treated with hand suturing to exclude differences based on technique.
Second, controversy exists surrounding the need for and the benefi t from coverage of the bronchial stump. Asamura and colleagues concluded in his review of more than 2300 patients after lung resection that further 3, 9, 12) Evidence shows that several factors, such as neoadjuvant chemotherapy, preoperative irradiation, diabetes mellitus, advanced age, advanced stage, and right-sided pneumonectomy, can increase risk of BPF. 2, 6) Because of the morbidity associated with postpneumonectomy BPF, it seems logical to cover all stumps resulting from right-sided pneumonectomies. We also cover all stumps resulting from left-sided pneumonectomies, realizing that left-sided BPFs occasionally do occur. Algar and colleagues also highly recommend bronchial stump coverage in all patients. 12) Up until 2002, we primarily used the pericardial fat pad to cover bronchial stumps. Since 2003, we have used TachoComb. There were several reasons for the decision to use TachoComb. First, despite the controversy surrounding need for coverage of the bronchial stump, our surgical experience with the developing of BPF leads us to believe that the bronchial stump should be covered. Second, using viable tissue to cover the stump leads to a longer surgical duration, whereas using TachoComb takes only a few minutes. Third, TachoComb's mechanism of action, acceleration of fi broblast migration, results in fi brosis and adhesion formation. We think fi brosis could function as a mechanical barrier between the bronchial stump and pleural cavity. 13, 14) Thus, the prevention of communication between the bronchial stump and the pleural cavity could be mediated by fi brosis and adhesion. Lastly, while many studies support the benefi t of stump coverage, controversy remains concerning which coverage technique should be used. Pleural fl aps have found limited usefulness due to their thin, delicate nature. 10) The pedicled intercostal muscle fl ap is often used for prevention of BPF, but the potential for the development of heterotopic ossifi cation from the periosteum of the rib may cause severe problems. 16) The pericardial fat pad is a widely accepted method of stump coverage to prevent postpneumonectomy BPF. 10, 11) We prefer the pericardial fat pad to other viable tissues because of its safety, dependable blood supply, and long-term durability. 6, 10) Appropriately, authors have focused on viable tissues that are well vascularized as covering material, because lack of microvascularization at the bronchial stump is a main risk factor for the development of postpneumonectomy BPF and a good blood supply is essential for healing of the bronchial stump. When we performed pneumonectomy, lymph node dissection was carefully undertaken to protect the bronchial arteries. In addition, we refrained from using electrocautery near the stump to protect the blood supply of the bronchial stump.
Since 2003, we have applied TachoComb in all lung cancer patients who have undergone pneumonectomy for the reasons mentioned above. Although this is a retrospective study, we do not believe there is any signifi cant difference between the two groups except coverage technique because we did not choose surgery method with observing patient's status. The only difference we found was the higher rate of neoadjuvant chemotherapy in the TC group.
Limitations of this study are the small number of cases (N = 20) in the TC group, and the small number of cases of BPF (N = 3). Signifi cantly, only 6 patients in the TC group underwent right-sided pneumonectomy, which is a well-known risk factor for the development of postpneumonectomy BPF. Further studies with a large sample size may be needed for proper evaluation of the best method of stump coverage.
Conclusion
Although controversy exists regarding bronchial stump coverage, many thoracic surgeons may prefer to cover the bronchial stump because of fear of postpneumonectomy BPF. Bronchial stump coverage with non-viable material, collagen fl eece coated with fi brin glue, combined with meticulous attention to protect the bronchial artery from injury, is a feasible and effective method to prevent postpneumonectomy BPF.
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